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BULLETIN 


THE RELATION THE BODY TEMPERATURE 
CERTAIN COLD-BLOODED ANIMALS THAT 
THEIR ENVIRONMENT. 


CHARLES ROGERS AND ELSIE 


former the present writers cited statements from 
the literature showing that rather generally assumed 
biologists that the temperatures the so-called cold-blooded 
animals approximate very closely the temperatures their sur- 
rounding media, closely, fact, that the temperature the 
medium may assumed the temperature the animal 
question. was also shown from citations the original 
experiments that such evidence have regard the 
relation the temperature these cold-blooded animals 
that their surroundings the effect that the temperature 
the animal usually somewhat above that the water 
which living. that time described experiments upon 
the earthworm, Lumbricus agricola, which indicated that for 
temperatures from 10° 20° the temperature the earth- 
worm very closely approximated that the water which 
was immersed, often being the same. 

The brief review the literature made that time indicated 
lack uniformity results hardly believable. more careful 
survey the available papers upon the subject temperature 
determinations living animals convinced the advisability 
undertaking experimental study temperature relations 
forms, making use uniform method which should 
accurate degree not attained any the previous studies. 
The present report embodies results obtained effort carry 


the Department Oberlin College. 

Rogers, Charles G., and Lewis, Elsie M., The Relation the Body Tempera- 
tures the Earthworm that its BULLETIN, 
Vol. No. 1914. 
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CHARLES ROGERS AND ELSIE LEWIS. 


forward this work, and while does not cover wide range 
forms would wish, does, believe, give indication 
what may expect find more comprehensive survey. 
this study forms were selected from widely separated animal 
groups possible, fairly wide ranges temperature were covered, 
and the changes temperatures were made both slowly and 
suddenly. 
LITERATURE. 

table was compiled from the data obtained from various 
reports, which though brief indicates that most cases the in- 
vestigators made use mercurial thermometers. Many make 
statements the means employed the ranges temper- 
ature which the animals were subjected. intro- 
duced thermoelectric methods the determination the 
temperature single bees and colonies, though the more recent 
work Phillips and more comprehensive. The 
latter authors used method sensitive difference tem- 
perature 0.09° F., and found that the bees temperature 
below 57° tend form clusters and raise their temperature 
decidedly above that the air, but between 57° and 69° the 
temperature the hive follows that the air. Work very 
similar this has been done upon plants. John 
quotes various reports which gave the temperatures leaves 
high 16° above the shade temperature the air. his own 
work Ehlers used potentiometer method which enabled him 
neglect number outside factors his thermo-couple 
determinations, and obtained the pine leaf temperatures 
10° above the shade temperature the air. 

Table I., compiled from various sources, gives idea the 
diversity results obtained different observers, and the 
incompleteness the data available. For example find 
regard carp alone the following reports: 


Phillips and Demuth, Bull. Dept. Agriculture, No. 93, 

Ehlers, John H., American Journal Botany, 1915, pp. 32-70. 
Davy, Ann. Phys. Chem., XXXIII., 1826, 180. 
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TABLE 
Temperature 
Form Range Conditions and Animal Abovethat 
| of Environment. 
thermometer 
thermometer 
thermometer 1.25° 
water 
above Davy 
moelectric 
| 
Demuth 
|Below 57° Form clusters and 
Fishes: raise tempera- 
above Davy 
air Temp. less than air Berthold 


Hunter alone stated the temperature the water the experi- 
ment, Such information value Phillips 
and Demuth have shown their report upon the temperature 
bees, already referred to. 


the present work the method outlined the previous paper! 
was followed with the added precautions made necessary the 
Rogers, Charles G., and Lewis, Elsie M., XXVII., 1914, No. 
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use highly sensitive galvanometer made Leeds and 
Northrup. This instrument the type and con- 
structed especially for thermo-couple work. The apparatus 
included thermostat, thermo-couples, switch, galvanometer and 
scale. The thermostat used all the work was provided with 
fans and motor for keeping the water constantly stirred. The 
thermo-couples were made No. double cotton covered 
Advance wire made the Driver-Harris company, and No. 
double cotton covered copper wire. Both wires were carefully 
shellacked before using. making the couples followed the 
method The wires were uncovered for short distance 
the ends, twisted together, dipped into melted resin and then 
into melted solder. The ends the wires were handled entirely 
with grease-free forceps and the wires were protected from 
physical strain throughout the course the work. The couples 
made were inserted small glass tubes sealed one end. 
The wires were twisted together through the whole length the 
tube and the open end the tube was closed with wax. This 
protected both wires from moisture. The advance wire between 
the junctions was enclosed small rubber tube extending be- 
tween the two glass tubes, and around the rubber tube was placed 
heavy wall wool wadding prevent changes temperature 
this wire. The copper wires the couples were connected 
heavier, well-insulated droplight cord used leads the switch 
and the galvanometer. Between the lead wire and one the 
copper wires the couple there was inserted about one and 
half meters No. manganin wire act resistance and 
thus reduce the strength current from the couple passing into 
the galvanometer. All junctions were carefully soldered and 
the manganin wire well the junctions were heavily wrapped 
wool and placed wooden box provide against changes 
temperature. The switch was also protected similar way. 
These precautions were found essential the temperature 
changes these points when they were not protected resulted 
wide variations the readings the galvanometer. The 
junctions were kept, far possible, constant distance 


about one half inch from each other. This gave very constant 
readings. 


White, Walter P., Jour. Am. Chem. Soc., XXXVI., 1914, Nov., 2300. 
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During part the work parasitic current such mentioned 
was present. This parasite was times entirely 
absent, was constant during the period experimentation, 
but other times varied considerably. order check 
perfectly our results finally made practice determine 
the value the parasite, any, both before and after each 
reading for the determination the temperature specimen. 
The value the parasite was determined placing the junc- 
tions close together the thermostat and determining the de- 
flection from the zero point the scale when the couple was 
thrown into the galvanometer circuit, the galvanometer being 
set register (usually) zero when rest. specimen could 
then quickly placed upon the proper junction and the de- 
flection due the difference temperature between the free 
junction and the one within the body the animal determined. 
was found advantageous for one person make the 
galvanometer readings while another read the thermometer 
the thermostat and placed the specimens upon, removed them 
from the couple. This helped ensure constant conditions 
the couples and made possible take galvanometer readings 
the instant specimens were removed. 


THE METHOD. 


Through series preliminary tests was found that with 
1.33 manganin resistance wire introduced into the thermo- 
couple circuit there was average deflection 238 mm. the 
scale for one degree Centigrade difference the temperature 
the two junctions the couple. These tests were made 
known temperatures which were read with certified thermom- 
eter graduated hundredths degree Celsius and Beckman 
thermometer set for the particular temperatures under consider- 
ation. The junctions were each case attached the thermom- 
eter bulbs and the temperatures the baths were held 
constant practicable ensure accurate determinations the 
electromotive force the couple. With the value 238 mm. per 
degree difference the temperature the two junctions 
couple temperature determinations accurate 0.0042° were 


Walter P., Jour. Am. Chem. Soc., XXXVI., No. 9-10, 1914. 
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practicable, reading fractions millimeter upon the 
galvanometer scale even smaller fractions could have been 
estimated though such estimate was made only few cases. 
The scale used these readings was placed meter distance 
from the galvanometer and was mounted upon arc circle 
having meter radius. This made unnecessary make cor- 
rections the readings would have been necessary straight 
scale had been used. was possible determine directly the 
temperature difference between the two junctions from the 
having determined the value the parasitic current 
experiment. Our temperature differences were small that 
did not find all necessary make use potentiometer 
connection with the galvanometer for this work. 


ELIMINATION ERRORS. 


The elimination possible sources error has been touched 
upon the description the methods, but the precautions 
employed may summed Variations due differ- 
ences temperature the varying currents the water bath 
were checked keeping the two junctions couple very close 
together and constant distance from each other during the 
course was found that when this precaution 
was taken that there was scarcely ever noticeable difference 
the temperature the water the two points. 

Leakage the system from stray electric currents was not 
observed. Tests with the motor employed for stirring the water 
the thermostat, the greatest possible source outside influ- 
ence, showed effect whatever upon the system. Variations 
due lack uniformity the wires used were practically nil. 
One set couples was used throughout the whole series ex- 
periments and the wires were carefully protected from strains. 
Secondary couples were prevented through the careful insulation 
from temperature changes all wires and switch connections 
the system. Change resistance due alterations tem- 
perature the lead wires would practically negligible the 
wires were heavily insulated and the temperature the room 
showed wide variations during the course the work. Heat 
production upon the part the animals account injury 
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irritation furnishes possible source error, especially the 
work upon the clam, but sign increased heat production 
was observed may safely inferred that this could not 
any such amount seriously affect the results obtained. 
the case the earthworm and the salamanders there was little 
disturbance irritation that seems hardly necessary even 
suggest the possibility error. 


EXPERIMENTS. 


this discussion the results the experiments upon the 
different forms certain details procedure are included 
make clear just what was done each series operations. While 
the general method the same throughout there were certain 
minor differences the manner handling made necessary 
the differences structure the animals used. 

The results the investigation have been summarized the 
form series tables showing the range temperatures em- 
ployed and the temperature relations found exist between the 
animal and its environment. these tables has been thought 
wise omit except the last two three observations made 
any given temperature. will noted that have not in- 
dicated the time elapsed between placing the animal under 
given set temperature conditions and the recording the final 
result. This information, while perhaps interesting, does not 
appeal being fundamental value the present study. 
general may stated that the case the worms from 
one three minutes was allowed for adjustment the tem- 
perature the surrounding water; the case the larger forms 
longer period was required. From one half three quarters 
hour was required for the adjustment take place, and 
frequently still longer time was allowed. 

Experiments upon the Earthworm.—Following the methods 
employed the previous work the worms were kept the cellar 
brought into the laboratory needed. The junction the 
thermo-couple, encased glass tube small diameter was 
inserted the mouth the worm and gently passed down into 
the stomach intestine. The worm was then placed the water 
the thermostat and brought within about inch the 
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other junction the thermo-couple. The water the bath was 
kept constant and rather rapid motion. The temperatures 
reported range from 16.00° 22.15° Work was carried 
also higher and lower temperatures, but proved less 
satisfactory account the difficulty experienced maintain- 
ing constant temperature for the time required for complete 
series observations. far carried, however, the results 
corroborate the data here offered and also the results previously 
reported. This statement holds for both sudden and for gradual 
changes temperature over short ranges. 

will seen from examination the data offered 
Table II. the temperature difference between the animals and the 
water which they were placed was remarkably low. six 
out the eleven cases reported there was difference deter- 
minable. Two worms showed temperature 0.0084° below 
that their surroundings, and one temperature 0.0084° 
above that the water, maintaining this difference for long 
time. One worm showed temperature 0.042° below that 
the water, and one temperature 0.084° above. The specimen 
last mentioned the only one the whole series examined which 
showed considerable temperature difference, and seems 


the light the results obtained upon the other forms 
unusual case. 


EXPERIMENTS UPON THE CLAM ANODONTA. 


The number animals used this series experiments was 
small, and the work would perhaps have been more satisfactory 
larger number animals had been employed. general 
the results are similar those obtained the case the earth- 
worm. every case the adjustment the animal the tem- 
perature the water which was immersed was much slower. 
This can accounted for upon the fact that the mass material 
was much greater. Each clam weighed somewhere the 
neighborhood grams. The great mass the shell 
addition the bulk the fleshy parts the animal rendered the 
temperature adjustment slow. The glass-covered junction was 
inserted into the mouth pushed between the visceral mass 
and the foot. were not able determine that one place was 
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TABLE II. 


THE TABLES ONLY THE Two THREE READINGS ANY GIVEN 
TEMPERATURE ARE INCLUDED. FRACTIONS MILLIMETER DEFLECTION 
WERE NOT CONSIDERED. 


Earthworm Series. 


Tempera- | Deflection Due Temperature of } 
Degrees Scale. Water. Degrees 
21.90 +0.042 21.942 
+0.046 21.946 
22.00 21.979 
22.00 
22.15 +0.042 22.192 
22.1626 
+0.0084 22.1584 
} 
| 
16.40 —0.0168 16.3832 
0.00 16.40 
| 
16.40 0.00 16.40 
Rapidly changing parasitic current system—no records made 
| | 
16.5706 
16.5916 
0.00 16.60 
17.3496 
0.00 17.40 
16.6916 
16.40 0.00 16.40 
| 
Rapidly changing parasitic current—no records made 


better than another for the insertion the junction, though 
there course the possibility that such injury inevitable 
when the glass was crowded through the tissues may lead 
some increased heat production. This point should receive 


q 
q 


CHARLES ROGERS AND ELSIE LEWIS. 


some further study. glance the table (Table III.) will 
indicate the very close approximation the temperature the 
clam that the water. each case hour longer was 
allowed for the animal remain given temperature before 
making the final reading. the case clam will noted 
that the temperature the clam lagged somewhat behind that 
the water both while was being warmed and being cooled. 
But even here the difference temperature between the animal 
and the water matter hundredths degree only. 


TABLE III. 


Clam 


Tempera- Deflection Due| Temperature 


| Degrees C. Scale. Water. Degrees C. 
Died during the course the experiment 
21.30 
0.00 21.30 
20.00 19.958 very large clam 
19.9622 
24.40 24.3748 
—0.0126 24.3874 
27.70 
24.70 +0.0798 24.7798 decreasing 
18.80 +0.0504 18.8504 than clam 
15.00 Clam taken from water 15.00° and placed bath 


EXPERIMENTS UPON SALAMANDERS—DIEMYCTYLUS VIRIDESCENS 
AND AMBLYSTOMA PUNCTATUM. 


Our experiments upon the small spotted salamander, 
lus viridescens, gave very striking results. working with the 
specimens this species small wire collar was placed around the 
body the animal just back the fore legs. The long ends 
the wire served convenient means handling the animal 
and for fastening the proper position the glass-covered 
junction the thermo-couple. The animal was made open 
its mouth and the junction passed down the gullet till came 
lie the stomach. was found that after animal had been 
through the operation very few times longer made any 
serious objection taking the junction. When the animal had 
been placed upon the junction the whole was then transferred 
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the thermostat and near the free junction. The wire made 
possible remove the animal from the couple and replace 
with minimum effort whenever was necessary make 
reading for the parasitic current the system. The repeated 
insertion the junction seemed cause trouble whatever, 
for the animals were just lively after long series temperature 
readings before. was easy this way handling keep 
several specimens the thermostat one time and take 
readings upon the whole series, regular order, the different 
temperatures used. 

The method employed gave opportunity investigate 
the time required for animal adjust himself the temper- 
ature his surroundings, though such information would 
interest. From the very little information have upon the 
subject seems likely that there definite mathematical re- 
lation between the mass the animal and the time required for 
adjustment. The salamanders used were allowed from five 
ten minutes become adjusted their new conditions when 
changed from one bath another which was few degrees dif- 
ferent temperature. This time certainly excess the 
minimum required. The salamanders proved the most 
satisfactory any the forms studied account the ease 
manipulation, endurance, etc. 

Inspection Table IV. will reveal the close approximation 
the temperature these animals that their environment. 
most cases difference only few thousandths most 
few hundredths degree could determined. the 
specimens reported showed the same temperature that 
the water which they were immersed, showed average 
temperature 0.01293° below that the water, and average 
temperature 0.01225° above that the water. From the fact 
that many individuals show variation temperature all 
from that the water which they were immersed, and that the 
deviations above and below the temperature the water prac- 
tically balance believe safe say that these animals tend 
assume the temperature the water which they are living 
within very few thousandths degree. entirely 
possible that longer watching the temperatures these 
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TABLE IV. 


FRACTIONS MILLIMETER DEFLECTION WERE CONSIDERED ONLY FEW 


CASES. 
Salamander Series 
Degrees C. Scale, Water. Degrees C. 
16.10 0.00 16.10 
19.00 +0.0168 19.0168 
16.10 +0.0084 16.1084 
0.00 16.10 
19.00 0.00 19.00 
16.10 0.00 16.10 
16.10 0.00 16.10 
0.00 19.00 
data 
18.50 0.00 18.50 
18.521 
18.50 18.4958 The animals used 
0.00 18.50 were each 
16.30 +0.0147 16.3147 case taken from 
—0.0084 16.2916 which they had 
16.30 +0.0021 16.3021 been for long 
16.40 —0.0042 16.3958 time. 
16.40 —0.0042 16.3958 
25.70 61.5 25.4417 
18.50 —0.0189 18.4811 
16.70 +0.0063 16.7063 
16.30 0.00 16.30 
1.470 Nodata 
15.30 2.5 
18.40 18.2488 
19.2916 
19.50 —0.0084 19.4916 
22.30 0.00 22.30 
19.70 —0.0042 19.6958 
14.70 0.00 14.70 
19.90 19.8884 
15.00 0.00 15.00 
15.60 +0.0084 15.6084 
20.40 +0.0084 20.4084 
20.50 0.00 20.50 
15.50 data 
20.70 20.6958 
21.60 3-5 —0.0147 21.5853 
21.00 —0.0168 20.9832 
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Salamander Series—Continued 
Degrees C. Scale. Water. 
15.60 data 
16.40 +0.0042 16.3958 
17.80 0.00 17.80 
22.10 0.5 —0.0021 22.0979 
23.30 0.00 
22.70 0.00 22.70 
23.10 1.5 23.0937 
20.30 0.00 20.30 
16.50 0.00 16.50 
23.80 0.00 23.80 
25.00 data 
30.40 0.00 30.40 
29.70 0.00 29.70 
35.50 0.00 
33-70 0.00 33-70 
32.50 +0.0042 32.5042 
17.50 data 
31.70 —0.0042 31.6958 
0.00 31.70 


Experiments made upon single specimen Amblystoma punctatum gave the 
following 


16.00 


—0.042 15.958 
15.9874 
0.00 16.00 


animals would have resulted eliminating even the small dif- 
ferences recorded. 

Only one specimen Amblystoma punctatum was studied. 
The results obtained from very few temperature determinations 
indicate the same general adjustment occurs the other forms. 


EXPERIMENTS UPON THE GOLDFISH. 


Temperature determinations were made upon few specimens 
gold fish, varying weight from grams. The junction 
was inserted into the mouth and pushed down through the gullet 
into the stomach cavity. The animal had bound upon 
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frame with cheese cloth order keep the junction place, 
and this was done such way not interfere any way 
with the passage water over the gills. The animals were less 
tractable than the salamanders and was found difficult keep 
them single position near the free junction the couple 
for sufficient length time make thoroughly satisfactory 
series readings. Just this period our work were 
annoyed the present rather large and fluctuating parasitic 
current the system, only one set readings here reported. 
far the work upon the fishes was carried temperature 
adjustment within one two hundredths degree was in- 


dicated. The figures Table give the determinations 
made. 


TABLE 
Goldfish 
Tempera- Deflection Due Temperature of | 
No.| Bath in T.inMm.of | Belowthatof | f Animal in Remarks. 
Degrees Scale. Water. Degrees 
0.00 22.17 
+0.0042 22.1742 
0.00 22.17 
25.00 —0.0672 24.9328 
24.9412 
24.0790 
21.60 +0.0168 21.6168 


SUMMARY AND CONCLUSIONS. 


find that the earthworm and the small salamander quickly 
and closely adjust their body temperatures that their en- 
vironment, the adjustment coming most cases within few 
thousandth degree Celsius over the ranges between 
for the earthworm and for the salamander. 

Clams and goldfish make the same adjustments but require 
longer time, from one half hour one hour being required for 
shift 3-6 degrees Celsius. There evidently the forms 
studied mechanism for the regulation heat production 
for heat loss from the body. Such heat produced the 
once given off the surrounding medium. 
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GROWTH THE BODY AND THE VARIOUS 
ORGANS YOUNG ALBINO RATS AFTER 
INANITION FOR VARIOUS PERIODS. 


CHESTER STEWART, 


INSTITUTE ANATOMY, UNIVERSITY MINNESOTA, MINNEAPOLIS. 
(Five AND Four CHARTS.) 


Pace 
Alternate fasting and refeeding 
Refeeding after various periods 


Recent investigators have found that the capacity for growth 
not lost young albino rats held nearly constant body weight 


for considerable periods, although important changes have taken 
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GROWTH AFTER INANITION FOR VARIOUS PERIODS. 


place the various organs. When animals thus stunted are 
generously fed, one three results might expected concerning 
their recovery: (1) There might recovery the 
weight the body whole, with normal proportions the 
individual organs and parts. (2) Since the growth impulse and 
the power maintenance varies considerably the different 
organs and parts the body, one might expect certain individual 
organs show lingering effects stunting. (3) the stunting 
were sufficiently severe lower the final adult body weight, then 
the different organs and parts might either similarly dis- 
similarly affected. Thus the first case, adult normal size 
and proportions would obtained; the second case, adult 
normal size but abnormal proportions; the third case, 
dwarf either normal abnormal proportions. 

Numerous observations are recorded the literature the 
recovery the body weight whole different animals upon 
refeeding after various periods growth suppression; but very 
few observations have been made upon the individual organs and 
parts. more complete and thorough study this question 
seemed desirable, and therefore the present investigation was 
undertaken. This opportunity taken express indebted- 
ness Dr. Jackson for valuable aid and direction. 


MATERIAL AND METHODs. 


For the present experiments eight litters albino rats (Mus 
norvegicus albinus) were used (Table I.), which included twenty 
males and twenty-five females, total forty-five. 

The experiments began when the rats were three weeks age 
(time weaning). From most the litters, the beginning 
the experiment, one rat each sex was selected serve 
(initial) control, the sex being identified the method 
Jackson the nine controls thus selected, two were 
killed sixteen weeks age, and four about one year; while 
three were well fed until thirty-nine weeks age, which time 
the experiment for which they were the controls (alternate fasting 
and refeeding) was discontinued. 

addition the direct controls, the observations Jackson 
and Lowrey (’12), Jackson and the Wistar norm tables 
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Donaldson were great value for comparison. referring 
Donaldson’s norm throughout the paper, comparison always 
made with the weight animals corresponding body length, 
according the method recommended Donaldson 

the rats subjected inanition, eighteen were held nearly 
constant body weight from three twelve weeks age, and 
killed after being refed one half week rats), one week rats), 
two weeks rats), four weeks rats). addition, two rats 
this series were killed the end the maintenance period 
from three twelve weeks age. Thirteen rats were refed 
until adult (about year old) after being held constant body 
weight for various periods: from the age three weeks age 
four weeks rats), from three six weeks rats), and from 
three ten weeks rats). The test rats litters S23 and S24 
were held repeatedly constant body weight for short periods 
during the first two three months, and during the intervening 
times were amply fed. Later different plan was adopted, the 
rats these two litters being alternately severely starved and 
refed. 

The rats were kept ordinary wire cages provied with wire 
net bottoms, which permitted feces and other waste materials 
drop into the box base necessary use this type 
cage prevent the underfed rats from eating their feces. 
The cages were kept clean possible, and the rats remained 
healthy with the exception some lung infection, especially 
among the older rats. 

The temperature the room which the control rats were 
kept remained usually about 21° (70° F.), but occasionally 
dropped low 16° (56° F.). Inasmuch underfed 
rats are very susceptible cold (even slight chilling being 
sometimes fatal), part them, litters Str2, were 
kept separate room where the temperature ranged con- 
stantly between 27° and 32° (80° and 90° F.). The reduced 
power the underfed rats resist cold probably due the 
exhaustion reserve material the body, which ordinarily 
would oxidized maintain the normal temperature. 

spite keeping the test rats very warm, was found very 
difficult hold them strictly constant body weight for more 
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than thirteen fourteen weeks, and keep them alive; 
rule they were permitted increase slightly body weight after 
that time. Aron and Jackson similarly found 
increasingly difficult hold animals constant body weight 
the experiment progressed. 

Individual weight records were kept, the individuals rats being 
identified staining the integument with aqueous solution 
picric acid. The weight the rats was always recorded 
immediately before feeding. The test rats were weighed daily; 
whereas the controls were weighed gradually increasing 
intervals (about once week after reaching 200 grams body 
weight). 

Previous reaching sexual maturity the control males and 
females were usually separated order prevent pregnancy. 
the case the stunted rats was found unnecessary separ- 
ate the sexes while being underfed, for case did pregnancy 
result, although litter No. the control female and also those 
rats refed after one and three weeks maintenance each bore 
one litter. 

All the rats were fed whole wheat (Graham) bread soaked 
whole milk. The control rats were given abundant amount 
food, whereas the test rats received during the underfeeding just 
that amount food required hold them nearly constant 
body weight. was observed that the test rats did not eat their 
entire maintenance ration immediately until after about two 
weeks underfeeding. Aron noted that first was neces- 
sary feed dog its maintenance ration two portions, but 
after short time was able eat its entire allowance single 
feeding. Water abundance was given all the animals. 

was was observed Jackson that the rats 
are for time held constant body weight upon gradually 
diminishing ration. was further observed, however, that 
after about fifty days maintenance there further decrease 
the necessary amount food. one litter, the average 
amount was found remain practically constant from the 
the 120th day the experiment. 

After being held maintenance, the test rats were generously 
fed for different periods indicated Table the end 


q 
5 
| 
4 
| 
q 
4 
{ 
4 
4 


CHESTER STEWART. 


the experiment they were killed and autopsied according the 
method used Jackson with few modifications. 


TABLE 


USED. 


Numb is f ‘ 
Litter No. amiss sissnanientets __| Number and Sex of Rats with Character of Rats Killed 


and Source! Ec Experiment. at Age of: 
Controls. | Test Rats. P 


So(W)... 3M. M.-1 maint. wks. age. 
ample feeding. 
1M. short periods fasting and 
ample feeding. 
Total 15M 
4F. 


For economy space, only the average data are indicated 
most cases this paper. copy the cards containing the 
individual data will filed the Wistar Institute Anatomy 
(Philadelphia) however, where they will accessible anyone 
interested. 

account the relatively small number observations, and 
the known variability the various organs, the data are incon- 
clusive some cases. They are, however, sufficient show 
clearly some the more obvious and important changes the 
rats refed after various periods maintenance. 

abstract the present paper has been published the 


litters from Wistar stock; the others are from Minnesota stock. 
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Proceedings the American Association Anatomists, New 
Haven meeting, Dec., 1915 (Stewart, 


ALTERNATE FASTING AND REFEEDING EXPERIMENTS. 


The two litters utilized for the alternate fasting and refeeding 
experiments included six rats (Table II.), which three served 
the test animals, and three the controls. The former were 
frequently held constant body weight for short periods (3-4 
days), and abundantly fed during the intervening time. With 
each repeated fast the body weight constant pro- 
gressively higher level. 


TABLE II. 


Tue GAIN Bopy WEIGHT MALE Rats REFED AFTER BEING HELD 
Bopy WEIGHT FOR SHORT REPEATED PERIODS, COMPARED 
WITH THE CONTROLS. 


No. Were Held Body Grams. Grams. Grams. Gain 


Maintenance. Weight. 


143 276.0 253.6 1.77 

143 218.0 193.9 1.36 

22.8 246.0 223.2 2.21 

22.1 247.0 224.9 2.22 

20.8 254.0 233.2 1.93 

19.0 245.0 226.0 3-18 

Average for controls 22.4 249.3 226.9 1.69 
246.0 224.7 2.54 


For each litter the average daily increase body weight 
(Table II.), when growth was permitted was somewhat higher 
the test rats than the controls. Thus the average final weight 
the controls, 249.3 grams, was nearly reached the test rats 
(average 246.0 grams), although the latter had much shorter 
period actual growth. 

the whole, therefore, the data show the growth the test 
rats after short periods maintenance unusually rapid, 
they were able overtake the controls. Seland 
however, noted that rabbits and chicks enduring alternate short 
periods fasting and generous feeding, became even heavier 
than the controls. Apparently obtained stimulation 
growth which enabled the test animals exceed the controls. 


Controls. 


$23 
$23 
$23 
$24 
S24 
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Since this difference degree stimulation might possibly 
due the fact that Seland’s animals suffered more severe star- 
vation than mine, was decided starve rats more severely 
than had previously been done. The test rats litter S23 were 
therefore subjected starvation for three days, and the test 
rats litter S24 for four days. They were then abundantly fed 
for and days respectively, but still failed exceed the 
controls body weight, and showed tendency 
noted little over-compensation body weight rats 
refed after repeated periods starvation. 


III. 


REPEATED SEVERE STARVATION. 


Litter Rat No No.of | Days Wr. Before | Wt. at End Loss in Loss, ~~ 
No, 


Fast. Fasted,, Fast, G. of Fast, G. Grams, | Per Cent. 
100 First 269.5 202.6 67.5 25.0 9.6 
100 Second 269.0 201.8 67.8 25.1 9.6 
$23 First 240.0 177-5 62.5 26.0 10.4 
$23 Second 241.5 177-5 64.0 26.5 9.1 
Second 259.5 67.5 26.0 8.4 


Later the test rats these two litters (S23 and S24) were used 
investigate another point. Kahan observed that 
pigeons the daily average loss weight increased with each 
repeated fast involving loss per cent. the initial 
body weight. data (Table III.) show practically tendency 
for the daily loss body weight increase rats repeated 
severe starvation periods. fact the average loss for rats 
Nos. and was slightly less during the second fast than during 
the first, which suggests that possibly their power resist star- 
vation had been increased. The difference between results 
and those obtained Kahan may due the fact that his 
animals were more severely starved than mine. also prob- 
able that different species, well different individuals the 
same species, may react differently this respect. 

Following the periods severe starvation the amount 
food eaten daily the rats above mentioned, and their resultant 
weight, were carefully observed. During the first four days 
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refeeding, the body weight the rats increased from average 
190.2 grams (range average 227.8 grams 
(209.0-246.0). The average amount food eaten during the 
four days refeeding was 247.7 grams (195-304), which pro- 
duced actual average increase 37.6 grams 
Thus the average 15.1 per cent. per cent.) the 
ingested food was applied toward increment body weight 
(not taking into account the weight ingested water and salts). 
this respect results are markedly different from those ob- 
tained Morgulis who found the increase body weight 
starved salamanders following refeeding might even exceed 
the weight the ingested food. The absorption water, how- 
ever, doubtless much greater the case the salamanders, 
which probably accounts for the difference. 

summarize, the fasting and refeeding experiments yielded 
the following results: (1) The daily average gain weight was 
greater the test rats generous feeding following short 
periods fasting than the controls. The test rats were thus 
able overtake (but not exceed) the controls. (2) The aver- 
age daily loss weight did not increase suffering second 
period starvation, causing loss per cent. the initial 
body weight. (3) The gain weight following the severe fasts 
did not exceed 16.6 per cent. the weight the ingested food. 
(4) far body weight concerned, the rats recovered com- 
pletely refeeding after having lost per cent. their initial 
body weight. 


REFEEDING AFTER VARIOUS PERIODS MAINTENANCE. 
Growth Body Weight. 


The average absolute increase body weight the test rats 
refed after the various periods maintenance, and the full-fed 
controls litters and S14, represented the growth 
curves charts and The curves show that the growth 
the stunted rats generous feeding was considerably higher 
for some time than the normal for the (younger) controls the 
same body weight, which enabled the test rats overtake the 
controls before the end the normal growth period. 
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The unusually rapid growth the test animals more strik- 
ingly shown charts and which the growth curves the 
rats refed after seven weeks maintenance are superimposed 
upon the growth curves the normal rats, that their starting 


The Body Weight Grams 


120 140 160 200 220 240 260 280 300 320 340 360 

Age Days 
Males. Chart showing the average absolute increase weight 
the control male rats from the age three weeks, and also the test males refed 
after various periods maintenance. The curves are drawn through points rep- 
resenting the averages the individual weights the rats litters S8, So, and 
S14, the various periods. Body weight grams represented the ordinate 


and age days the abscissa. Controls. --- Rats refed after one 
week maintenance. Rats refed after three weeks maintenance. 
Rats refed after seven weeks maintenance. 


points coincide. The curves thus constructed show initial 
rapid divergence due the more rapid growth the test rats 
during the first few weeks refeeding. Thus the stunted rats 
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reach the same ultimate body weight the controls, but 
much shorter period actual growth. The results therefore 
agree with those previously stated for the rats subjected 
repeated short periods alternate fasting and refeeding. 

This phenomenon rapid growth following periods sup- 
pression has been observed various animals Schapiro (’05) 
(cat), Hatai (rat), Miss Springer (salamander), 


Body Weight Grams 


120 160 180 200 220 240 260 280 300 320 340 
Age Days 
Females. Chart showing the average absolute increase weight 
the control female rats from the age three weeks, and also the test females 
refed after various periods maintenance. The curves are drawn through points 
representing the averages the individual weights the rats litters S8, So, and 
S14, the various periods. Body weight grams represented the ordinate 
and age days the abscissa. Controls. --- Rats refed after one 
week maintenance. Rats refed after three weeks maintenance. 
Rats refed after seven weeks maintenance. 


Morgulis (salamander), Schloss and Boas 
(human), Miss Ferry (rat), Osborne and Mendel and 
(rat), and others. Osborne and Mendel find that after 
periods suppression various methods the growth upon re- 
feeding appears even more rapid than King’s normal for 
younger rats the same size. Although direct controls were 
observed their results are very striking. 

accept Minot’s (’08) theory that the relative abundance 
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nuclear material embryonic cells accounts part for the 
greater intensity embryonic growth, may part account 
for the rapid growth following inanition upon the same principle, 


the changed nucleus-plasma relation. For well known that 
360 
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140 
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100 


100 120 140 160 180 200 220 240 260 280 300 320 340 
Age Days 
Males. Chart showing the curve growth the test male rats 
refed after maintenance trom three ten weeks age, superimposed upon that 
the control males, that the starting points coincide. The curves are drawn 
through points representing the averages the individual weights the rats 
litters S8, and the various periods. Body weight grams represented 
the ordinate and age days the abscissa. 
Rats refed after seven weeks maintenance. 


during inanition the cell nucleus becomes relatively large, the 
loss substance being greater the cytoplasm. Thus inanition 
tends reduce the body cells embryonic condition, 
found Child extensive experiments upon Planarians. 
also possible that the accelerated growth following periods 
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suppression due specific histological changes the ductless 
glands, suggested Osborne and Mendel 

part, however, especially the first few days refeeding, 
apparent increase body weight due increase contents 
the alimentary canal (and possibly also the circulating 
media the body), which represent increase gross body weight, 
but not actual growth the tissue-cells. 


220 
200 
180 
160 


140 


100 


Body Weight Grams 


20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 
Age Days 

Females. Chart showing the curve growth the test females 
refed after maintenance from three ten weeks age, superimposed upon that 
the control females, that the starting points coincide. The curves are drawn 
through points representing the averages the individual weights the rats 
litters S8, So, and S14, the various periods. Body weight grams repre- 
sented the ordinate and age days the abscissa. Controls. 
Rats refed after seven weeks maintenance, 


The rapid growth the test rats which enabled them over- 
take the controls, however, did not persist beyond the point 
when the normal adult weight was reached. This evident 
from the fact that the average adult body weight the refed 
animals (Table III.) was not greatly different from that the 
controls. Although the controls averaged slightly higher than 
the test rats the same sex, the differences are too small 
considered significant. The final weight the males refed after 
seven weeks maintenance averaged considerably below that 
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the controls, but this was probably due chance variation, 
and does not indicate actual stunting the test rats. The 
females show complete recovery. 

Aron noted permanent stunting effects the body 
weight young rats underfed less than 150 days. Osborne and 
Mendel have likewise observed attainment normal 
adult body weight after suppression growth during period 
equal exceeding the normal growth period. One female 
(2033) stunted feeding limited quantity food after the 
age 513 days increased from grams 222 grams body 
weight. Osborne and Mendel their rats refed after 
extended periods growth suppression note marked tendency 
even exceed the normal ultimate body weight observed 
King 

experiments, the inanition period was begun rats 
earlier age weeks) than the investigations just mentioned. 
Even these very young rats, however, the recovery body 
weight usually complete, upon refeeding after maintenance 
periods one seven weeks. 

The experiments Briining however, indicate that stunt- 
ing produced subjecting newborn rats repeated periods 
fasting during the normal nursing period may persist, least 
until fifty-four days age, the test animals usually showing 
tendency toward compensatory overgrowth when placed upon 
artificial mixed diet. Whether not complete recovery 
might occur later was not determined. 


Ratio Tail Length Body Length (Table IV.). 


Jackson noted that young albino rats held constant 
body weight, the ratio the tail length the body length 
increases from average .66 (normal) three weeks .84 
ten-weeks. the two rats killed the end nine weeks 
maintenance the tail-ratio (Table IV.) was .93 and .89, which 
shows that rats the tail likewise became relatively long 
during the inanition period. 

the end each period refeeding (Table IV.), the average 
tail-ratio, the test rats (with two exceptions) ranged between 
and .84, which little below the normal for rats corre- 
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sponding body weight. the females refed four weeks the 
ratio (.84) was practically identical with that the controls 
(.85). For the male rat this group the value was exceptionally 
low (.76), was also true the male refed two weeks. the 
adult rats the average tail-ratio was practically normal the 
test males and females, compared with the controls the 
same sex. 

general, therefore, appears that the tail and body assume 
the normal proportions (for corresponding body weight) the 
test rats during the first week refeeding, and remain normal 


all subsequent periods. The exceptional cases are probably due 
normal variability. 


Head (Table IV.). 


According Jackson (’15), the head normally forms average 
22.5 per cent. the body, the average net body weight being 
the female rat killed after being kept constant 
body weight (24.3 grams net) from three twelve weeks age, 
the head (Table IV.) formed 22.2 per cent. the net body 
weight. the male rat this group the relative weight the 
head (17.7 per cent.) was unusually low, which was due the 
body weight being unusually high. probable that the weight 
the head remained practically unchanged during maintenance, 

refeeding (as also during growth) the relative weight 
the head gradually decreases, reaching average 15.1 
per cent. the females refed one week, whose net body weight 
averaged 51.5 grams. This nearly identical with the relative 
weight (15.2 per cent.) the head observed Jackson 
for normal rats practically the same body weight (50 grams). 
The relative weight the head the rats refed four weeks was 
practically the same the controls the same age (Table 
IV.). the adult rats the head was normal the test animals 
compared with the controls. the whole, then, the head 
appears have remained practically normal relative weight 
throughout the period refeeding. 


GROWTH AFTER INANITION FOR VARIOUS PERIODS. 


Extremities and Trunk (Table IV.). 


The relative weight the upper extremities 8.5 and 9.1 per 
cent. (Table IV.) the two rats killed the end nine weeks 
maintenance, compares closely with the relative weight (9.3 per 
cent.) obtained Jackson and Lowrey for the normal three 
week rat. According Jackson there apparently 
slight the relative weight the fore-limbs the test 
rats from 9.3 per cent. average 8.8 per cent., which, 
however, might due accidental variation. 

refeeding, the relative weight the forelimbs gradually 
decreased, reaching average 7.4 per cent. (sexes combined) 
the end the second week, with average net body weight 
72.8 grams. Jackson and Lowrey found the upper extrem- 
ities form the average 6.7 per cent. the body rats 
weighing 79.2 grams net. The weight then rats refed 
two weeks, although slightly higher, therefore nearly normal. 
the end four weeks refeeding the upper extremities were 
also slightly heavier the test rats than the controls; but 
the adult rats the relative weight was practically normal the 
refed individuals, compared with the controls. 

general, therefore, the forelimbs appear practically normal 
throughout the various refeeding periods, though perhaps rela- 
tively somewhat heavy the end two and four weeks 
refeeding. 

The lower extremities (Table IV.) formed 15.8 and 17.7 per 
cent. the body the two rats killed after maintenance for 
nine weeks. This practically identical with the normal 
three weeks age (15.7 per cent.) found Jackson who 
also found distinct change the weights the extremities 
young rats held maintenance for considerable periods. 

refeeding, the relative weight the lower extremities 
the end the second week averaged 17.1 per cent. the average 
net body weight (72.8 grams) which slightly higher than the 
value (14.9 per cent.) observed Jackson and Lowrey for rats 
averaging 79.2 grams. the end four weeks refeeding the 
lower extremities were relatively lighter the test rats than 
the controls, whereas the adult the weights were practically 
identical the refed and control animals. 
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The relative weight the trunk (Table IV.) averaged 54.5 
per cent. the rats killed the end the maintenance period, 
which corresponds closely with the weight (54.1 per cent.) 
observed Jackson for the trunk normal rats three weeks. 

the end two weeks refeeding the trunk formed 
average 62.7 per cent. (sexes combined) the rats weighing 
72.8 grams, compared with 63.2 per cent. noted Jackson and 
Lowrey normal rats 79.2 grams net body weight. 

the rats refed four weeks, and also the adult test rats, the 
relative weight the trunk was practically normal compared 
with the controls. 

The results concerning the different parts the body there- 
fore fail show any decided deviation from the normal propor- 
tions throughout refeeding after various periods maintenance. 


IV.). 


Jackson observed that the relative weight the integu- 
ment rats held maintenance from three ten weeks age, 
decreased from average 21.9 per cent. 14.5 per cent. 
the net body weight. The data for rats show likewise low 
relative weight for the integument (average 16.0 per cent.) 
rats held maintenance for nine weeks. 

the end the first half week, and first week refeeding 
the relative weight the integument was still unusually low 
the test rats, although increase apparent the females 
refed one week. During the second week refeeding the in- 
tegument rapidly recovered the loss suffered during inanition, 
forming over per cent. the body. This average close 
the normal corresponding body weight found Jackson and 
Lowrey the rats refed four weeks, and also the 
adult test animals the integument was relatively slightly heavier 
than the controls the same age. The difference, however, 
probably insignificant. 

therefore appears that refeeding the integument rapidly 
recovers the loss suffered during maintenance, reaching the 
normal proportions within the first two weeks, and remains prac- 
tically normal all subsequent periods. 
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Skeleton (Table IV.). 

Three weighings were taken the skeleton prepared 
described Jackson who found that the skeleton increases 
greatly weight during maintenance. The high relative weight 
the ligamentous skeleton per cent.) two rats 
killed after nine weeks maintenance compared with Jackson’s 
normal three weeks (15.7 per cent.) agreement with this 
conclusion. 

refeeding, the relative weight the ligamentous skeleton 
gradually decreases, reaching average (in the females) 12.4 
per cent. the end the second week. This slightly lower 
than the percentage weight (14.0) obtained Jackson and Low- 
rey for the ligamentous skeleton normal rats about the same 
body weight. appears then that the skeleton had decreased 
relative weight during the first two weeks refeeding suffi- 
ciently reach the normal proportions. the rats refed four 
weeks, and also the adult test rats, the relative weights the 
ligamentous skeleton were practically normal compared with 
the controls. 

The data (Table IV.) show that marked increase occurred 
also the moist cartilaginous skeleton the test rats during 
maintenance, evident upon with the relative 
weight (11.4 per cent.) given Jackson for the normal rat 
three weeks. During refeeding, the relative weight the 
moist cartilaginous skeleton gradually decreased, reaching 
average 11.9 per cent. the body the rats refed four weeks, 
compared with average 11.5 per cent. the controls. 
the adult rats there was very little difference between the 
test animals and controls. 

The dried cartilaginous skeleton was also relatively heavier 
the maintenance rats twelve weeks per cent.) than 
the normal (3.43 per cent.) found Jackson for rats three 
weeks age. refeeding, the relative weight the dried 
skeleton has decreased notably the end one week (Table 
has probably reached the normal two weeks. After 
four weeks’ refeeding, and the adults, the percentage the 
dry skeleton nearly identical test animals and controls. 

The relative amount dry substance the cartilaginous 
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skeleton had also increased from 31.4 per cent. (Jackson, 
for the normal three weeks’ rat, average 34.5 per cent. 
the rats killed after nine weeks maintenance. the rats 
refed four weeks the dry substance increased 45.9 per cent. 
the moist cartilaginous skeleton, which fairly close that 
found the control (46.6 per cent.). 

therefore appears that the ligamentous and cartilaginous 
skeletons reach the normal proportions during the first two 
weeks refeeding. This probably true also for the dry skele- 
ton, although controls are lacking before the fourth week. 


Musculature (Table IV.). 


the two rats killed the end nine weeks maintenance 
the relative weight the musculature per cent.) 
considerably higher than the norm (31.2 per cent.) obtained 
Jackson for the three weeks’ rat. This may due partly 
increase the musculature during maintenance slight 
increase being found Jackson). The body weight above 
normal these two rats, however, which case the musculature 
would normally relatively heavier. For the normal rat 
42.4 grams, Jackson found the musculature forming 35.3 per 
cent., although 64.4 grams body weight Jackson and Lowrey 
found the musculature forming 32.7 per cent. 

test rats refed one half week (average net weight 40.7 
grams) the musculature averaged 34.3 per cent., whereas the 
female rats refed two weeks (average net weight 69.4 grams) 
the musculature formed only 32.1 per cent. the body. There 
evidently considerable individual variation, and difficult 
make the dissection the musculature uniform manner. 
the rats refed four weeks, and also the adult test animals 
the percentage weight the musculature was nearly identical 
with that the controls. 

From the foregoing may concluded that the musculature 
(which possibly was slightly heavier than the normal for body 
weight the end maintenance), assumed practically the 
normal proportions during the first week refeeding 
mained normal all subsequent periods. 
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Viscera and (Table IV.). 


The relative weight the visceral group (including the ab- 
dominal and thoracic viscera, spinal cord, brain and eyeballs) 
the rats killed the end the fasting period corresponds 
closely with the weight (20.5 per cent.) found Jackson (’15) 
for the normal rat three weeks. Concerning the visceral 
group, Jackson noted during maintenance distinct tendency 
increase weight, which was more marked six and eight than 
ten weeks. The fact that rats fail show increase 
the relative weight the visceral group probably due 
their longer period stunting, during which the liver especially 
tends decrease weight. 

According Jackson and Lowrey, the relative weight the 
visceral group 21.3 and 20.4 per cent. the body three and 
six weeks age, the net body weight averaging 24.8 and 64.4 
grams respectively. rats refed one week and less, the 
relative weight the viscera (Table all cases formed about 
per cent. the body, thus being approximately normal. 
the end two weeks refeeding however the visceral group 
appears exceptionally light, the relative weight being 17.7 per 
cent. compared with 20.4 per cent. given above for the normal 
rat about the same body weight (64.4 grams). After four 
weeks refeeding the viscera collectively were relatively heavier 
the test rats than the controls, whereas the adult rats 
the weights are nearly identical the test animals and con- 
trols. 

general therefore appears that the relative weight the 
visceral group was about normal during the refeeding. 
considerable variation the weight the visceral group not 
unusual. 

The weight the (Table IV.), which includes 
some small unweighed organs, fat, and body-fluids, was obtained 
deducting the weight the integument, skeleton, muscula- 
ture, and viscera from the net body weight. data show con- 
siderable variation but doubtful whether there any material 
change from the normal during refeeding the test rats. 
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Brain (Table V.). 


The brain shows but little deviation from 
Wistar norm for rats same body length either the rats 
killed the end maintenance those refed for various 
periods. Such slight fluctuations from the norm are shown 
the table are probably within the range normal variation. 
Jackson noted that there was practically change the 
brain weight young albino rats held constant body weight 
for considerable periods. 

may therefore concluded that the brain weight normal 
the young rats the end the maintenance period, and 
remains normal throughout the period refeeding. 


10. Spinal Cord (Table V.). 

The weight the spinal cord the two rats killed the end 
the maintenance period exceeded Donaldson’s norm, 34.3 and 
19.9 per cent. This confirms Jackson’s observation that 
the spinal cord shows marked growth young rats held 
constant body weight. 

refeeding, this excess weight (as compared with normal for 
corresponding body length) rapidly disappeared, that the 
end the first week the weight the spinal cord exceeds 
Donaldson’s norm only 7.3 and 3.2 per cent. the male and 
females respectively. Thus the spinal cord had nearly regained 
the normal proportion. 

the end two and four weeks refeeding the weight 
the spinal cord was slightly below the Wistar norm, was also 
true the controls sixteen weeks age. This condition 
therefore appears normal for series rats and not 
experimental modification. 

the test rats (refed after maintenance for various periods) 
killed the age one year the weight the spinal cord was 
normal compared with the controls, although each case the 
average weight was per cent. heavier than 
norm. 

general therefore the results indicate that the spinal cord, 
which was relatively heavy the end the maintenance period, 
returned the normal proportion during the first two weeks 
refeeding, and remained normal after that time. 
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11. (Table V.). 


compared with Donaldson’s (’15) norm, the eyeballs were 
excessively heavy (plus 42.8 and 45.5 per cent.) the two rats 
killed the end nine weeks maintenance. The persistent 
growth the eyeballs young rats held constant body weight 
was discovered Jackson the rats refed one half, 
one, and two weeks the eyeballs are still relatively heavy 
compared with Donaldson’s norm, although the difference has 
decreased somewhat during these periods. Even the rats 
refed four weeks the eyeballs are still somewhat above Donald- 
son’s norm, but are practically normal compared with 
controls. 

Likewise the adult refed rats, compared with the controls, 
the eyeballs appear normal weight, although the females 
they somewhat exceed the Wistar norm weight. 

‘The evidence therefore indicates that the eyeballs, which were 
relatively heavy the end the maintenance period, returned 
the normal proportion the end the fourth week 
refeeding, and were normal the adult test rats. 


12. Thyroid (Table V.). 

the end the maintenance period the weight the thyroid 
the male rat was 35.2 per cent. below the Wistar norm, while 
the female was 25.7 per cent. above. Jackson noted 
that the thyroid suffered marked loss during maintenance. 
The exceptionally large weight for the female above noted may 
due experimental error normal variation. refeeding, 
the thyroid remains below Donaldson’s Wistar norm, although 
the fourth week only 18.7 20.1 per cent. below. the 
controls for this group the weight the thyroid also below 
Donaldson’s norm 13.9 per cent., which deducted from the 
minus 20.1 per cent. for the test females leaves 6.2 per cent. loss 
apparently produced the fasting experiment. view the 
known variability the thyroid, this difference too small 
considered significant. may therefore conclude that the 
thyroid gland has probably recovered its normal weight during 
the four weeks refeeding. the adult rats the fluctuations 
the weight the thyroid gland are likewise well within the 
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limits normal variability, and show indications any 
persistent effects the earlier maintenance period. 


13. Thymus (Table V). 


The weight the thymus the end the maintenance 
period was from 87.7 93.9 per cent. below norm. 
This agrees closely with Jackson’s observation per cent. 
loss the weight the thymus due 
during maintenance young rats from the age weeks. 
the end two weeks refeeding, the thymus was still 
somewhat below Donaldson’s norm (9.0 32.5 per cent:); 
but the end the fourth week exceeded the norm 70.4 and 
52.5 per cent. the male and female test rats respectively, while 
the controls averaged 14.6 per cent. below. therefore 
evident that the thymus returned the normal proportion 
between the second and fourth weeks refeeding. The weight 
the thymus the test rats refed four weeks was remarkably 
high, indicating marked over-compensation the loss during 

the adult rats the thymus was relatively heavier the 
female controls than the female test rats, whereas the converse 
was true the males. This inconsistency, together with the 
known variability the normal weight the thymus (average 
coefficient variation 34, according Jackson, makes 
doubtful whether the result due the experimental conditions 
due merely normal variation. Further observations will 
necessary determine this question. 

The results general therefore indicate that the stunted 
rats, the thymus returns the normal proportion shortly after 
the second week refeeding, and greatly exceeds the normal 
the end the fourth week. The data for rats refed the adult 
stage indicate the possibility permanent over-compensation 
the growth the thymus upon refeeding after period 
maintenance. 

Jonson subjected rabbit (age weeks) inanition for 
days, during which time the body weight increased from 553 
655 grams. The animal was then refed for three weeks, 
the end which time the weight the thymus was found 
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normal compared with the weight control killed the 
end the fasting period. 

Salkind observed that minimum least one week 
refeeding was necessary restore the normal lymphoid structure 
the thymus rats suffering severe starvation for two days. 


14. Heart (Table V). 


The heart the end the maintenance period was 15.6 and 
34.1 per cent. below Donaldson’s norm weight. Jackson 
however, noted practically change the weight the 
heart during maintenance. The discrepancy rats may 
possibly due either normal variation experimental error. 

the end the various refeeding periods the heart (with one 
exception) was heavier than Donaldson’s norm, the excess varying 
from 3.0 22.9 the end four weeks refeeding, 
the weight the heart the test females exceeded the Wistar 
norm 17.6 per cent. while the controls exceeded 17.0 per cent. 
The heart therefore appears practically normal weight 
sixteen weeks the refed rats compared with the controls. 
This was also true for the adult animals. 

general, therefore, may concluded that the heart was 
probably nearly normal the test rats throughout refeeding, 
although appears relatively heavy (in comparison with Donald- 
norm) during the earlier weeks refeeding. 


15. Lungs (Table V.). 

The weight the lungs was 17.1 and 27.0 per cent. below the 
Wistar norm the end nine weeks maintenance, indicating 
decrease size during that period. Jackson found loss 
about per cent. during seven weeks maintenance. The 
lungs were also somewhat below the norm during the first week 
refeeding, but somewhat above thereafter. The excess was 
especially marked the rats refed four weeks (42.0 69.3 
per cent.), but the controls also showed excess weight 44.1 
per cent. This excess might due over-compensation 
growth, merely variability from other causes (possibly 
pathological, due slight pulmonary infection). the adult 
rats the lungs were smaller than the norm except the case 
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the test females, which were slightly larger. The differences 
are probably due individual variation. 

The results therefore indicate that the lungs, which lose weight 
during maintenance, completely recovered within two weeks 
refeeding. There possibly over-compensatory growth 
before the end four weeks, but indication such the 
animals refed the adult stage. 


16. Liver (Table V.). 

The weight the liver the two rats killed the end nine 
weeks maintenance was 37.5 and 59.4 per cent. below Donald- 
son’s norm for the male and female respectively. (However, 
Jackson found the normal liver weight, especially young 
rats, considerably below the curve derived from Hatai’s formula, 
upon which Donaldson’s norm based.) Jackson found 
the liver increase weight rats held maintenance from 
three six and ten weeks age, but decreased those held 
for longer periods (from six thirty-two weeks age). The 
low weight the liver for rats the end the maintenance 
period was probably due part the length their maintenance 
period. 

During the first four weeks refeeding the weight the liver 
was below Donaldson’s norm, except the male refed one half 
week. most instances, however, especially after the first-week, 
the deviations are within the limits normal variation. the 
controls sixteen weeks, however, the weight the liver was 
23.3 per cent. below the norm, while the test females the 
same age was but 5.3 per cent. below. Thus when compared 
with Donaldson’s norm, the liver about normal the test rats 
refed four weeks, but when compared with the controls 
relatively heavy. 

the adult test rats the weight the liver was very close 
Donaldson’s norm, but very low (—18.3 per cent.) 
the controls. 

Therefore comparison with the Wistar norm the liver 
appears practically normal after the first week refeeding. 
compared with the controls, however, there some indication 
hypertrophy the liver the rats refed four weeks, and also 
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the adult test animals. more probable that this apparent 
increase due merely normal variability, which quite large 
the liver. 


17. Spleen (Table V.). 


Jackson noted considerable decrease the weight the 
spleen rats held maintenance from three eight and ten 
weeks age. data (Table V.) likewise indicate that the 
spleen low weight the end nine weeks underfeeding 
(minus 10.7 and 44.9 per cent.) when compared with Donaldson’s 

refeeding, all periods the weight the spleen was much 
higher than Donaldson’s norm, the excess appearing greater 
one and two weeks refeeding, than later periods. the 
controls the spleen likewise exceeded the Wistar norm, 82.8 
per cent. sixteen weeks, and 23.5 and 36.6 per cent. the adult 
control males and females respectively. compared with the 
controls the spleen was practically normal the adult test rats, 

this connection may noted that, was pointed out 
Jackson Hatai’s formula for the growth the spleen 
(upon which Donaldson’s norm based) gives curve which 
general too low (excepting the earlier stages), because 
excluded all ‘‘enlarged”’ spleens from the series, without apparent 
justification. most cases, however, the spleens refed 
rats appear considerably heavier even than Jackson’s curve. 
The fact that the weight the spleen normally exceedingly 
variable, shown Jackson must also kept mind. 

general therefore the results indicate that upon refeeding 
the spleen rapidly (within week) recovered the loss suffered 
during fasting. There apparently excessive (over-com- 
pensatory) growth the spleen during the first two weeks 
refeeding. the end the fourth week, however, and the 
adult rats the spleen the test animals not above that the 
controls. 


18. Stomach and Intestines (Table V.). 
The weight the empty alimentary tract the end main- 
tenance was much below the Wistar norm (minus 36.7 48.8 
per cent.). data, however, are somewhat above the weights 
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observed Jackson for the empty tract (in controls 
body weight 25.1 and 42.4 g.). This would indicate 
increase the weight the tract during maintenance, agree- 
with Jackson 

refeeding, with the exception the male refed four weeks, 
the weight the empty alimentary tract increased relative 
size, but remained below the Wistar norm most cases. was 


higher the refed rats than the controls the age weeks 


(end fourth week refeeding). the adult rats the weight 
the empty stomach and intestines was practically normal 
the test rats compared with the controls, although below the 
Wistar norm, especially the males. 

The relative weight the stomach and intestines including 
contents (12.6 per cent.) the two rats killed the end nine 
weeks maintenance averaged close that observed 
Jackson rats held maintenance for seven weeks. This 
slightly higher than the normal relative weight (10.4 per cent.) 
three weeks, the beginning the maintenance period. the 
female rats refed one week the tract and contents formed 16.2 
per cent. the body weight, compared with 15.4 per cent. 
noted Jackson for normal rats corresponding body 
weight (50.4 grams net). the end four weeks refeeding, 
the relative weight the stomach and intestines (13.5 per cent.) 
for the test rats was considerably above that (9.0 per cent.) 
the controls. the adult rats, the relative weight the tract 
and contents for the controls and test rats respectively was 6.0 
and 6.3 per cent. the males, and 8.5 and 8.8 per cent. the 
females. 

general therefore may concluded that the stomach and 
intestines including contents were heavier than normal for cor- 
responding body weight the end the fasting period, but were 
practically normal the end two weeks refeeding, and 
thereafter. Considerable allowance must made for individual 
variations, which probably account for the apparent increase 
the fourth week refeeding. 


19. Suprarenal Glands (Table V.). 


The weight the suprarenal glands the male and female 
rats killed after maintenance for nine weeks exceeded Donaldson’s 
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norm plus 36.0 and 16.1 per cent., respectively. The relative 
weights the glands (.054 per cent. for the female and .035 per 
cent. for the male) shows that sexual differentiation weight had 
appeared. increase with sexual differentiation the weight 
the suprarenal glands young rats held maintenance was 
likewise observed Jackson 

Following refeeding, the weight the suprarenals was con- 
stantly below the Wistar norm variable extent for the first 
four weeks. the controls sixteen weeks age, the supra- 
renals were slightly (4.2 per cent.) above the norm. This would 
indicate that the excess weight accumulated the suprarenal 
glands while the body weight remained constant did not persist; 
but the contrary the glands appear lag behind their normal 
proportions the growth the body upon refeeding. 
barely possible that this deficiency the weight the 
suprarenals the refed rats may due chance variations. 

the adult rats, the suprarenals were also below Donaldson’s 
norm, but compared with the controls the glands were slightly 
heavier the test animals. The differences however are small, 
and probably not significant. 

may therefore concluded that the suprarenals, which 
growth persistent during maintenance, lag behind upon 
refeeding and appear even drop below the norm. those 
refed the adult stage, however, there marked difference 
between test animals and controls. 


20. Kidneys (Table V.). 


The kidneys appear slightly below normal weight for 
corresponding body length the end nine weeks under- 
feeding. The differences, however, are small and probably not 
significant. Jackson observed that rats held constant 
body weight there was slight tendency increase the weight 
the kidneys, the earlier weeks, but little apparent 
difference later. 

During the first four weeks refeeding, the majority cases 
the kidneys were slightly heavier than Donaldson’s norm. 
sixteen weeks, the kidneys were 23.5 per cent. above the norm 
the female refed rats, and 15.4 per cent. the controls. 
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the adult rats the kidneys both test animals and controls 
were close Donaldson’s norm. evident therefore that the 
kidneys were practically normal weight, both the end the 
fasting period, and throughout the period refeeding. 


21. Testes and Epididymi (Table V.). 

account the small number observations, conclusions 
concerning the testes and are rather unsatisfactory 
during the early periods refeeding. compared with 
Donaldson’s norm, the testes appear constantly below 
normal weight, especially the end the maintenance period 
(contrary the observations Jackson). the adult rats, 
however, these glands are practically normal compared with 
the controls. 

The epididymi are not included with the testes Table 
Their relative weight per cent. net body weight) the 
male rat killed the end nine weeks maintenance, was 
close the average given Jackson for the normal 
three weeks (.084 per cent.) and rats held maintenance for 
seven weeks (.080 per cent.). the end four weeks refeed- 
ing the relative weight the epididymi (.12 per cent.) the net 
body weight being 117.4 grams, appears unusually low. 
the adult rats the relative weight the epididymi averaged 
.27 per cent. the and per cent. the test animals. 

account the great normal variability the weight 
both testis and epididymis, and the small number observations, 
conclusions can drawn with any degree certainty. 
However, the evidence indicates that the testes and epididymi 
were somewhat below normal weight during the early refeeding 
periods, but practically normal the adult animals. 


22. Ovaries (Table V.) 

The ovaries were practically normal compared with Donald- 
son’s norm the female rat the end the underfeeding period. 
Jackson noted apparent decrease the weight the 
ovary during maintenance. 

refeeding, the ovaries were below Donaldson’s norm (minus 
11.6 per cent.) the end the first half-week, but exceeded 
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(plus 43.2, 44.5 and 27.9 per cent.) one, two, and four weeks 
refeeding. After four weeks refeeding (16 weeks age) 
the ovaries were practically normal the controls. the adult 
rats the ovaries both test animals and controls were somewhat 
below Donaldson’s norm. 

therefore appears that the ovaries refeeding became 
heavier than the norm during the earlier periods, reaching 
maximum excess weight during the second week, and decreasing 
the norm, below, before the adult stage was reached. 
However, the large amount variability the normal weight 
the ovary (due changes during the sexual cycles) makes any 
definite conclusions from the available data very difficult 
impossible. 


23. Hypophysis (Table V.). 

The weight the hypophysis the end the fasting period 
was 14.8 per cent. below Donaldson’s norm the male and 9.5 
per cent. above the female. Jackson noted distinct 
tendency for the hypophysis increase weight young 
rats held maintenance. 

refeeding, the hypophysis shows constant variation 
from Donaldson’s norm. the end the fourth week the 
test females was 13.5 per cent. above the norm, whereas the 
controls were 2.6 per cent. above. The difference probably 
due normal variation and special significance. 

the adult rats the hypophysis weight both controls and 
test animals shows considerable variation from the Wistar norm, 
being especially high the females. 

The evidence therefore indicates that the hypophysis was 
practically normal weight all times during the process 
refeeding. 


24. Pineal Body (Table V.). 


account lack data for comparison, conclusions can 
drawn concerning the pineal body the rats killed the end 
the underfeeding period, and those refed one half, one, and 
two weeks. The observations are recorded Table 

the test rats refed four weeks the gland was apparently 
normal, the relative weight being .00123 and per cent. 
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the body weight the male and females respectively, 
compared with per cent. the controls the same age. 

the adult rats, the relative weight the pineal body was 
.00042 per cent. the control males and .00050 per cent. the 
test males. For the females, the relative weight was .00066 
per cent. the controls and .00067 per cent. the test animals. 

The differences relative weight between males and females 
are probably due the difference body weight. There 
indication sexual difference animals the same body 
weight (such has been found the suprarenals, hypophysis 
and parathyroids), which accord with the conclusion 
Hoskins (at present unpublished) based upon data collected 
this laboratory. 

appears therefore that the pineal body was normal 
weight the rats refed four weeks and one year. 


CONCLUSION. 


The present experiments have shown that the marked tendency 
the body whole young rats recover its weight after 
period maintenance likewise characteristic the various 
organs and parts. The abnormal proportions produced 
underfeeding rapidly disappear upon generous refeeding, that 
practically the normal relations are restored most cases within 
four weeks. This readjustment evidently involves modi- 
fication the growth curves many the various organs and 
parts the body during the early refeeding periods. Thus 
those organs and parts which lost weight during maintenance 
grow more rapidly than the body whole, whereas those which 
gained weight during the maintenance period show tendency 
lag behind until the normal balance restored. 


SUMMARY. 


The more important results the present investigation may 
summarized follows: 

The average daily gain weight the young rats refed after 
being held constant body weight for short repeated periods 
was somewhat higher than that the controls. This enabled 
the test rats make lost time and overtake the controls, 
but not exceed them body weight. 
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The average daily loss weight did not increase the rats 
successive periods severe fasting, involving loss 
per cent. the initial weight. 

The increment body weight upon refeeding the test rats 
after each severe fast amounted only about per cent. the 
ingested food (exclusive water). 

The amount food required daily for maintenance decreased 
during the first fifty days the experiment, but after that time 
apparently further diminution occurred. 

The growth body weight the rats refed after maintenance 
for various periods averaged for some time considerably higher 
than the normal for the (younger) controls corresponding 
initial weight. Thus the stunted rats were able overtake 
the full-fed controls body weight before the end the normal 
growth period. effect the stunting upon the ultimate 
body weight was noted. 

the body proportions, the relative weights the head, 
trunk and extremities remain practically normal during the 
various periods refeeding. 

the systems, the musculature and continue 
practically normal for corresponding body weight during the 
various periods refeeding. The integument rapidly increases, 
and the skeleton decreases, relative weight, that both reach 
approximately the normal proportions within the first two weeks 
refeeding after maintenance from three twelve weeks age. 

The viscera which are known lose weight during mainte- 
nance—thymus, spleen, thyroid, lungs and ovaries—likewise 
apparently regain their normal relative weight within two weeks 
after refeeding. The thymus, and possibly the lungs, spleen, 
and ovaries, are apparently even above normal (over-compensa- 
tory growth) four weeks refeeding, but all are found prac- 
tically normal the rats refed the adult stage. 

The viscera whose weight remains nearly constant during 
maintenance—brain, heart, kidneys, liver, and epididymi—in 
general present approximately normal proportions during the 
process refeeding; although the heart appears slightly above 
normal and the epididymi somewhat below. 

The viscera whose weight increases during maintenance— 
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eyeballs, spinal cord, alimentary canal, hypophysis, testes and 
suprarenals—have general decreased (relative) weight 
approach the normal within the first four weeks refeeding. 
The testes and the suprarenals may even become subnormal 
weight during the first four weeks refeeding, but all are prac- 
tically normal the rats refed the adult condition. 

The pineal body was approximately normal weight the 
test rats refed four weeks, and the adult test animals. 
was evidence sexual difference the weight the pineal 
body rats corresponding body weight. 
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